Abstract African HIV serodiscordant couples often desire pregnancy, despite sexual HIV transmission risk during pregnancy attempts. Pre-exposure prophylaxis (PrEP) and antiretroviral therapy (ART) reduce HIV risk and can be leveraged for safer conception but how well these strategies are used for safer conception is not known. We conducted an open-label demonstration project of the integrated delivery of PrEP and ART among 1013 HIV serodiscordant couples from Kenya and Uganda followed quarterly for 2 years. We evaluated fertility intentions, pregnancy incidence, the use of PrEP and ART during periconception, and peri-conception HIV incidence. At enrollment, 80% of couples indicated a desire for more children. Pregnancy incidence rates were 18.5 and 18.7 per 100 person years among HIV-uninfected and HIV-infected women, and higher among women who recently reported fertility intention (adjusted odds ratio 3.43, 95% CI 2.38-4.93) in multivariable GEE models. During the 6 months preceding pregnancy, 82.9% of couples used PrEP or ART and there were no HIV seroconversions. In this cohort with high pregnancy rates, integrated PrEP and ART was readily used by HIV serodiscordant couples, including during peri-conception periods. Widespread scale-up of safer conception counseling and services is warranted to respond to strong desires for pregnancy among HIV-affected men and women.
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Background
For HIV serodiscordant couples in which one partner is living with HIV and one partner is HIV-uninfected, pregnancy attempts may be accompanied by sexual and perinatal HIV transmission risk. Many studies among HIV serodiscordant couples have demonstrated that knowledge of HIV serodiscordancy does not change desires for pregnancy and these desires often outweigh fears of HIV transmission [1, 2] . Multiple strategies that are compatible with fertility desires exist to greatly reduce HIV transmission risk. Recent public health efforts utilize a harm reduction framework to encourage ''safer conception'' to minimize the risk of sexual transmission during pregnancy attempts. Safer conception strategies include antiretroviral therapy (ART) to suppress HIV viremia in the partner living with HIV, pre-exposure prophylaxis (PrEP) to protect the HIV uninfected partner, reserving condomless sex for days with peak fertility, medical male circumcision, self-insemination, and diagnosis and treatment of sexually transmitted infections (STI) [3] . Interventions to optimize fertility and reduce the number of condomless sex acts, such as ovulation prediction, fertility screening, fertility treatment, and medically assisted reproduction, are also available in some settings and can be used when in line with couple and individual values and preferences [3, 4] . HIV prevention counseling offers opportunities to initiate discussion about reproductive plans and encourage the use of effective contraception or safer conception strategies based on individual or couple goals. For HIV serodiscordant couples considering medication-based prevention, an integrated approach with PrEP use limited to the time prior to ART-induced HIV viral suppression in the HIV-infected partner, can virtually eliminate sexual HIV transmission and can be used when pregnancy is desired [5, 6] . We recently conducted the Partners Demonstration Project, an open-label study of the integrated delivery of PrEP and ART among high-risk HIV serodiscordant couples in Kenya and Uganda. Within this study, we explored fertility intentions, pregnancy, and evaluated the use of PrEP and ART as peri-conception HIV risk reduction strategies.
Methods
The Partners Demonstration Project was an open-label study of the integrated delivery of PrEP and ART among mutually-disclosed high risk HIV serodiscordant couples recruited from four sites: Thika and Kisumu, Kenya and Kampala and Kabwohe, Uganda [6] . From November 2012 to August 2014, we recruited couples at high risk of HIV transmission, using a validated scoring tool that prioritizes the inclusion of younger couples with few children [7] . Additional eligibility criteria for HIV-uninfected participants included having normal renal function with estimated creatinine clearance [60 mL/min and no Hepatitis B infection. Partners living with HIV had not yet initiated ART and had no history of being WHO stage 3 or 4. All participants were age C18 years. HIV-uninfected women were ineligible if pregnant because there were no guidelines at the time for initiating PrEP during pregnancy; women living with HIV could be pregnant at enrollment.
Both members of the couple were scheduled for study visits 4 weeks after enrollment, 12 weeks after enrollment, and quarterly thereafter up to 24 months. At each visit, participants received couples-based HIV prevention counseling [8] and couples were asked about their fertility desires and counseled about safer conception or contraception as appropriate. At all quarterly visits, HIVuninfected participants were counseled and tested for HIV and received PrEP prescriptions and PrEP adherence counseling. Participants living with HIV were referred to receive ART following national guidelines, which initially required a CD4 count \350 cells/lL or symptomatically advanced HIV disease, either on-site or at a public health clinic of their choice. In 2014, Kenyan and Ugandan ART guidelines were expanded to recommend use for all persons with HIV-uninfected partners, regardless of clinical indications. PrEP was provided to HIV-uninfected participants prior to and for a limited time following ART initiation by their HIV-infected partner; specifically, PrEP discontinuation was encouraged once the partner living with HIV had used ART for at least 6 months, a sufficient duration to achieve HIV viral suppression in most individuals following ART initiation [9] . However, PrEP was continued beyond 6 months of ART use based on clinician discretion, especially in cases with clearly unsuppressed virus, when the couple was attempting pregnancy, or if the HIV-uninfected partner had a new partner with unknown HIV or ART status. For couples reporting an immediate desire for pregnancy, safer conception counseling included discussion of all safer conception strategies, including the available safety data on PrEP and ART use during periconception and pregnancy, how to time condomless sex to days with peak fertility, and referrals were given for couples to see fertility care providers if they desired. The strategies primarily recommended for each couple were tailored to their situation and preferences.
Urine pregnancy testing was conducted for all women during the screening process and as clinically indicated (e.g. with missed menses) during follow up visits. STIs were managed syndromically. Participants living with HIV were monitored for CD4 count and viral load and HIVuninfected participants were monitored for creatinine clearance every 6 months. Sexual behavior and fertility intentions were assessed via standardized interviewer-administered surveys at each quarterly visit. Fertility desires were assessed by asking, ''How many more children would you like to have now or in the future?'' and responses of C1 were followed by ''When do you plan to have your next child?'' to assess the desired timing of the next pregnancy. Pregnant women were asked in a sensitive manner if their pregnancy was intended.
Statistical Methods
We used descriptive statistics to summarize the fertility intentions, pregnancy incidence, and use of PrEP and ART during the peri-conception period, defined as the 6-month period preceding pregnancy. Consistent PrEP use was defined based on pharmacy records of PrEP refills and ART AIDS Behav use was defined by participant self-report. We calculated pregnancy incidence as the number of pregnancies per 100 person years when women were not pregnant. Data from women living with HIV who entered the study pregnant were censored until the completion of the pregnancy. The start date of a pregnancy was assigned to be the start date of the last menstrual period but if this was unknown, it was estimated based on the known pregnancy end date and duration of the gestation.
We used general estimating equations to determine the association between women's fertility intention (currently attempting pregnancy versus no intention or intention at a later time) and the occurrence of pregnancy at the next quarterly visit. A priori, we adjusted these models for age and use of effective contraception. We considered additional demographic, medical, and behavioral factors as potential confounders and maintained those that substantially changed the point estimate (by [10%) in final models. SAS 9.4 (Cary, NC) and R survey package version 3.0.2 were used for all analyses.
The Human Subjects Division at the University of Washington and ethical review committees for each study site approved the study protocol. Each participant provided written informed consent in English or his or her preferred language.
Results

Participant Characteristics at Enrollment
Of the 1013 HIV serodiscordant couples who were enrolled, 67% were couples in which the woman was living with HIV and the man was HIV-uninfected, nearly all were married, and the median duration of their partnership was 2.3 years for couples with HIV-infected women and 5.9 years for couples with HIV-infected men (Table 1) . Couples had a median of 2 children (interquartile range [IQR] 1-3) and 56% of couples had no children together. The median age of women and men was 27 years (IQR 22-32) and 32 years (IQR 27-39), respectively. Couples had a median of 5 sex acts (IQR 3-10) per month and 64% reported at least one condomless sex act within the past month. Half of women were using no contraception and 80% of couples indicated a desire for more children in the future, including 9% who reported currently trying to conceive.
Fertility Intentions
Self-reported fertility intentions fluctuated often during the 2 year follow up period for women and men, with the exception of those who declared a desire for no more children at enrollment who tended to maintain that response (Fig. 1a) . For example, 70 women (7%) indicated that they were ''currently trying'' to become pregnant at enrollment. Three months later, 52.9% of these women reported still trying, while 28.6% desired a child in C1 -year, 5.7% no longer desired a future child, 7.1% had become pregnant, and 5.7% reported their desire as ''unknown''. There were similar patterns of fluctuation among women who initially indicated desiring a child in C1 year or being uncertain about their desire. The pattern of pregnancy desires was similar among men (Fig. 1b) and when disaggregated by HIV status (data not shown).
Pregnancy Incidence
During follow up, 156 women living with HIV and 88 HIV-uninfected women had at least one incident pregnancy, including 28 women living with HIV and 7 HIVuninfected women who had two pregnancies each. The overall pregnancy incidence was 18.5 per 100 person years among HIV-uninfected women (95% confidence interval [CI] 15.0-22.7) and 18.7 per 100 person years among women living with HIV (95% CI 16.0-21.6, Table 2 ).
Among women living with HIV, reporting an immediate fertility desire was strongly associated with becoming pregnant within the subsequent 6 months (occurring 12.4% of the time when immediate desire was reported and 2.5% of the time when no immediate desire was reported); this finding was similar for HIV-uninfected women. Women living with HIV were 3 times as likely (adjusted odds ratio [OR] 3.43, 95% CI 2.38-4.93) and HIV-uninfected women were twice as likely (adjusted OR 2.06, 95% CI 1.22-3.49) to be pregnant at the quarterly visit subsequent to reporting an immediate fertility intention relative to women without immediate intention (including intention in 1-3 years, C3 years, never or unknown). Of the 279 incident pregnancies, 25.4% were preceded by a report of immediate fertility intention during the preceding 6 months. Retrospectively, however, women reported that 70.8% of their pregnancies were intended.
Use of PrEP and ART During the Peri-Conception Period
Uptake and adherence to the integrated PrEP and ART strategy was very high in the cohort overall, reflected in the estimated 96% reduction in HIV incidence [6. ] When participants were using ART, 90% had viral load \400 -copies/mL, consistent with high adherence. In the 6 months preceding pregnancy, 82.9% of couples used either PrEP or ART, 14.5% used some ART and/or PrEP but with inconsistent use, and 2.6% used neither PrEP nor ART (Table 3) . Of 189 couples consistently using either PrEP or ART prior to pregnancy, 31.7% concurrently used PrEP and ART, 21.7% used PrEP only, and 46.6% used ART only. Among the 81 couples who were using ART only (61 couples with HIV-infected women and 20 with HIV-infected men), 91.2% of the HIV-uninfected partners had discontinued PrEP due to sustained (i.e., [6 months) ART use by their partner living with HIV, consistent with the protocol-defined strategy for PrEP use to be integrated with ART use. ART or PrEP was used during 98% of periods when couples had an immediate pregnancy intent, which tended to be a greater frequency than periods with other pregnancy intentions (v 2 p \ 0.0001). Among couples who became pregnant during the study, (36/262) 13.7% reported having ever used medically assisted reproduction (including sperm washing and intrauterine insemination) and (57/262) 21.8% reported using self-insemination at any point prior to the pregnancy being identified. Data on whether these techniques were associated with incident pregnancies during the study were not collected. 
HIV Incidence
There were a total of 4 incident HIV seroconversions during the study (3 women and 1 man), none of which occurred during the 6 months preceding pregnancy. One woman seroconverted for HIV after becoming pregnant unintentionally. She had no detectable tenofovir at her seroconversion visit and had previously reported ending her relationship with her study partner prior to her pregnancy and beginning a relationship with a new partner whose HIV status was unknown to her. 
Discussion
In this open-label delivery study of a scalable model of integrated PrEP and ART implementation for high risk HIV serodiscordant couples, we saw high pregnancy incidence of 18% per person per year and frequent use of an integrated PrEP and ART strategy prior to pregnancy. There were no HIV transmissions in the 6 months preceding pregnancy. PrEP and ART were feasible safer conception strategies used by most of the couples who became pregnant. Attempting pregnancy is a reproductive right and the ability to choose between effective HIV risk reduction strategies when family building is desired is an important accompanying right, including access to adoption and sperm and gamete donation. Early in the HIV epidemic, fertility experts began leveraging the technology of sperm washing coupled with intrauterine insemination in order to facilitate pregnancy without sexual HIV transmission within HIV serodiscordant couples [10] . This technique was first adopted as a safer conception strategy in the early era of HIV treatment when antiretrovirals were not yet optimized and the HIV prevention benefit of ART to suppress HIV viremia was unknown. Now that antiretrovirals are widely recognized as powerful and recommended HIV prevention strategies, they provide a more accessible and affordable option to HIV-affected couples with normal fertility that desire pregnancy. In addition, since conception with medically assisted techniques (including sperm washing) requires careful observation of the menstrual cycle and pre-conception fertility workups, these options may actually prolong the time to conception for couples with normal fertility and their availability is limited in lower resource settings [11, 12] . Nonetheless, a substantial Restricted to pregnancies that occurred at least 6 months after study enrollment AIDS Behav proportion of couples reported experience with these techniques and/or self-insemination and they remain important services to promote with realistic expectations of success rates and costs, when they align with couple preferences [13] . When conducted under a framework of comprehensive sexual and reproductive health care, HIV prevention counseling offers opportunities for provider-initiated discussions about fertility intentions, contraception, and planning for pregnancy. In our study among HIV serodiscordant couples who had been together for several years on average and who met with HIV prevention counselors and care providers every 3 months, more than half of the pregnancies occurred without any prior declared pregnancy intention or sooner than preferred. Worldwide, 40% of pregnancies are estimated to be unintended and while the resulting children are often wanted, more pregnancy preparation can yield better pregnancy outcomes [14] . Guidance for providers to integrate discussions about fertility desires into HIV prevention counseling and balance this important area with other priority health topics is urgently needed to foster explicit discussions within couples and to increase the use of PrEP and ART during the peri-conception period. In our study, only a quarter of pregnancies were preceded by a declared immediate fertility intention, highlighting a role for providers to initiate discussion repeatedly and set a positive tone about safer conception, even when pregnancy intent is not immediate. In addition, a paradigm shift that encourages people to consider their pregnancy desires and plan pregnancies can improve the uptake of sexual and reproductive health care, including the uptake of including safer conception, when warranted.
The provision and promotion of safer conception services for HIV serodiscordant couples is an opportunity to test and evaluate delivery strategies in a population with known, and socially expected, pregnancy desires. As couples-based safer conception programs are implemented, it is important to adapt and extend them to HIV-affected individuals with fertility desires who may not seek couplesbased services. Providing opportunities for HIV-affected young women and men to plan pregnancies and discuss options with a provider will strengthen their ability to discuss HIV prevention with partners, disclose HIV status to partners, and incorporate HIV risk reduction strategies, as demonstrated in multiple clinics in South Africa and Uganda [15] [16] [17] . In addition, integration of HIV and reproductive health services offers opportunities to expand contraceptive services, by offering highly effective reversible contraception and meeting the needs of couples and individuals who express desire to prevent pregnancy.
The tools to support individuals and couples affected by HIV to fulfill their pregnancy desires without HIV transmission are known and multiple tools are widely accessible. Demonstration projects, such as this one, have shown great success in the implementation of safer conception services with high rates of pregnancy and no periconception HIV transmissions. It is time to encourage demand for safer conception services among the community and promote holistic discussion of reproductive goals among people affected by HIV. Widespread scale up of sexual and reproductive health services that are integrated with HIV prevention is imperative to ensure that individual and couple goals for family building are safely met.
